Abstract To determine whether receiving melanoma genetic test results undermines perceived control over melanoma prevention, control-related beliefs were examined among 60 adults from melanoma-prone families receiving CDKN2A/p16 test results (27 unaffected noncarriers, 15 unaffected carriers, 18 affected carriers; response rate at 2 years = 64.9 % of eligible respondents). Multilevel modeling of perceived control ratings over a 2-year period revealed significant variation in individual trajectories: most participants showed increases (45 %) or no change (38.3 %), while 16.7 % showed decreases. At the group level, noncarriers reported sustained increases through the 2-year follow-up (ps \ .05); unaffected carriers reported significant short-term increases (ps \ .05); and affected carriers reported no change. Participants in all groups continued to rate photoprotection as highly effective in reducing melanoma risk and reported decreased beliefs that carrying the p16 mutation would inevitably lead to the development of melanoma. Qualitative responses immediately following counseling and test reporting corroborated these findings, as 93 % indicated it was possible to either prevent (64.9 %) or decrease the likelihood (28.1 %) of future melanomas. Thus, genetic test reporting does not generally undermine perceived control over melanoma prevention, though variability in response to positive results warrants future study.
Introduction
Impact of melanoma genetic test reporting on perceived control over melanoma prevention Predictive genetic testing for hereditary cancer can alert people to elevated disease risk prior to disease onset, when early detection and prevention may still be possible. Determining whether genetic and genomic information improves prevention behaviors is a major priority for communications and social sciences research (McBride et al., 2010; Marteau et al., 2010; Collins et al., 2003; Khoury et al., 2007) . As researchers identify environmental and behavioral contributors to genetically linked diseases, it will become increasingly important to understand whether members of high-risk families believe their genetic risk is at least partially modifiable through their own actions.
Of particular concern, research to date suggests that providing information about genetic causes of disease may induce a sense of fatalism about disease onset and risk management, depressing both uptake of genetic testing and interest in prevention information (Marteau & Weinman, 2006) . Beliefs such as genetic essentialism (the bias toward perceiving genetic makeup as determining characteristics and behaviors, Dar-Nimrod & Heine, 2011) and genetic determinism (e.g., ''Genes are the most important contributor to human health,' ' Parrott et al., 2004 ) may influence important perceptions and decisions (Nelkin & Lindee, 1995) . For example, an experimental study showed that people automatically associate genes with fate rather than choice (Gould & Heine, 2012) . Further, experiments that manipulate information about the causes of disease find that conditions said to have genetic origins are seen as less under the personal control of the affected person (Aspinwall et al., 2012; Claassen et al., 2010; Frosch et al., 2005; Senior et al., 2000) .
Diminished perceived control may not be an inevitable consequence of receiving information about genetic risk for disease, however. The effects of biological or genetic attributions for medical conditions can be reversed by emphasizing the malleability of biological contributors to illness (Cameron et al., 2012; Lebowitz et al., 2013) . Research that determines whether, when, and in what ways genetic risk information may reduce (or enhance) perceived control is critical because low control perceptions may interfere with performing recommended preventive behaviors (Armitage & Conner, 2001 ).
At present, there are relatively few data concerning the impact of genetic counseling and test reporting on perceived control over cancer prevention. For most hereditary cancer syndromes, patients are recommended to reduce cancer risk through accelerated screening and/or prophylactic surgery, and there are few preventive actions that can be performed in daily life (Aspinwall et al., 2013 ). An important exception is familial melanoma. The CDKN2A/ p16 (or simply, p16) mutation confers an extremely elevated risk (30-to 70-fold increase from population risk, 76 % lifetime risk for US residents), yet genetic factors may interact with environmental exposure to ultraviolet radiation (UVR), determined largely by personal behavior, to determine risk (Bishop et al., 2002) . Thus, one of the primary goals of melanoma genetic testing and counseling is to educate patients about how they can manage their risk through prevention and early detection. It is, therefore, important to study whether providing positive p16 test results undermines control-related beliefs, including beliefs about the effectiveness of recommended sun-protection behaviors, and increases deterministic beliefs about melanoma development.
Overview and predictions
In the present study, we prospectively examined the impact of melanoma genetic test reporting and counseling, particularly the impact of a positive p16 test result, on perceived control over melanoma prevention. Changes in control perceptions were examined over a 2-year period in three groups of high-risk family members undergoing melanoma genetic test reporting: unaffected carriers, affected carriers, and unaffected noncarriers. Because the genetic counseling sessions emphasized prevention and early detection measures that can be taken to manage melanoma risk, we predicted that unaffected carriers' control perceptions would not necessarily decrease following genetic test reporting and counseling. For affected carriers, a positive test result would provide a genetic cause for prior melanoma diagnoses and confer risk for new melanomas, which could potentially undermine perceived control. Finally, we predicted that unaffected noncarriers would report sustained increases in perceived control over melanoma development.
Methods

Study population and procedures
Companion test-reporting and follow-up studies were approved by the Institutional Review Board (IRB#s 7916 and 13816). Participants were recruited from two large melanoma pedigrees who had contributed DNA samples for prior melanoma genetic research, beginning with an IRBapproved study in the late 1980s that utilized the Utah Population Database to identify pedigrees with a hereditary pattern of melanoma (Cannon-Albright et al., 1992; Kamb et al., 1994) . In this research, two kindreds were found to have deleterious p16 mutations (V126D and 5¢UTR34G [ T). In the early 2000s, every living participant in the geneidentification studies was invited to participate in a phenotyping study which included mutation testing, but no participants learned that the p16 mutation was present in their family or of their personal mutation status (Florell et al., 2005) .
For the present study, every participant in the phenotyping study who was a member of a p16-positive kindred (n = 77) was invited to participate (see Aspinwall et al., 2008) . Recruitment and retention are summarized in Fig. 1 . From May to November 2005, 61 participants (82.4 % of the participants from the three eligible groups) completed a written baseline questionnaire immediately prior to undergoing pre-disclosure genetic counseling followed by test reporting. All 61 participants elected to receive results, but one withdrew after counseling due to fatigue. After completing a post-counseling questionnaire, 57 participants were then invited to enroll in the companion follow-up study of long-term psychological and behavioral responses to p16 test reporting (Aspinwall et al., 2008 (Aspinwall et al., , 2009 (Aspinwall et al., , 2013a (Aspinwall et al., , 2013b (Aspinwall et al., , 2014a (Aspinwall et al., , 2014b ; of these, 51 (89.5 % of eligible participants) enrolled. As shown in Fig. 1 , response rates for follow-up assessments were 82.4 % of enrolled participants at 1 month, 72.6 % at 6 months, 58.8 % at 1 year and 72.6 % at 2 years. Participants received modest nonmonetary incentives (e.g., water bottles and tote bags) for completing follow-up questionnaires.
Pre-and post-disclosure genetic education and counseling
Genetic testing was performed in a Clinical Laboratory Improvement Amendments certified laboratory. Melanoma genetics education and test-reporting (Aspinwall et al., 2008) were conducted in a single session. Melanoma risk associated with p16 mutations was presented as a 35-to 70-fold increase from general population risk (approximately 1 %) and illustrated with a bar graph indicating a risk of 50 % by age 50 and 76 % by age 80. Those testing negative were informed that they still may have up to a 1.7-fold residual risk due to other co-inherited familial risks such as melanoma-prone phenotype. All participants were informed they could minimize their risk for developing an advanced melanoma through screening (annual total body Fig. 1 Recruitment, retention, and attrition of unaffected noncarriers, unaffected carriers, and affected carriers in the genetic test reporting and follow-up studies. a 3 affected noncarriers who received genetic counseling and test results and who completed multiple assessments were excluded from analysis because there were too few participants to permit statistical analyses from which meaningful inferences or comparisons to other participant groups could be made. b 3 unaffected noncarriers and 2 unaffected carriers completed an abbreviated version of the survey by telephone that did not include the perceived control ratings. Thus, the effective sample size for perceived control ratings at 2 years is 32 (56.1 % of eligible participants) skin exams and monthly self-exams) to detect and remove abnormal lesions. Participants were educated about the role of UVR in melanoma development and presented with several strategies to minimize exposure including protective clothing and use of sunscreen.
Measures
Demographic information and medical history
Participants completed standard demographic questions. Melanoma history was confirmed through medical records (Aspinwall et al., 2008) .
Perceived control over the development of future melanomas
Control beliefs were assessed both qualitatively and quantitatively. First, immediately following genetic counseling and test reporting, participants were asked, ''In general, do you believe that it is possible for you to prevent future melanomas? Why or why not?'' Second, at baseline and all follow-up assessments, participants completed the item, ''Overall, how much personal control do you feel you have over whether you develop melanoma in the future?'' (1 = no control, 5 = a lot of control).
Perceived effectiveness of specific sun-protection behaviors in reducing personal melanoma risk At baseline, post-counseling, and 1 year, participants indicated agreement with the following statement: ''For me, using sunscreen is (or would be) effective in reducing my risk of developing melanoma'' (1 = not at all, 5 = very much). Parallel items assessed the effectiveness of ''wearing protective clothing (long sleeves, long pants, and hats)'' and ''avoiding UV exposure during peak hours (10 a.m.
-4 p.m.).''
Belief that p16 mutation carriers will inevitably develop melanoma At baseline, post-counseling, and 1 month participants indicated agreement with the following statement, ''A person who tests positive for a gene change that increases his or her risk of developing melanoma [the p16 gene change] will definitely get melanoma during his or her lifetime'' (1 = strongly disagree, 5 = strongly agree; an ''I don't know'' option was provided and coded as 3, ''neither agree nor disagree''). At baseline, we used the more general wording of ''a gene change'' because this assessment preceded specific education regarding p16 mutations.
Overview of data analysis
Multilevel modeling in Hierarchical Linear and Nonlinear Modeling (HLM, Raudenbush & Bryk, 2002) was conducted to examine changes up to 2 years following test reporting and counseling in perceived control over melanoma prevention in each participant group. Multilevel modeling was used because it allowed modeling of withinperson trajectories over time in addition to testing for group differences and because it allowed us to retain all participants for analysis for whom we had at least one perceived control rating following test reporting (n = 60; 199 included level-1 data units). Of the 60 participants included in the perceived control analyses, 24 (40 %) had complete data for all six assessments, 8 (13.3 %) had complete data for five assessments, 5 (8.3 %) had complete data for four assessments, 9 (15 %) had complete data for three assessments, and 14 (23.3 %) had complete data for two assessments. Multilevel modeling accommodates missing data using a maximum likelihood approach (which weights cases that contribute less to overall variance, usually cases with more complete data, more heavily in the estimation of fixed effects) and is preferable to listwise deletion (Graham, 2009 ).
Next, we examined participants' qualitative accounts of whether and how it was possible to prevent new melanomas. Participants' responses concerning whether and how it was possible to prevent new melanomas were content coded using a coding scheme developed for this study by the authors (see Table 1 ). Responses concerning whether it was possible to prevent new melanomas were coded into four response categories (yes, can reduce but not eliminate risk, maybe, no) with accompanying reasons coded into four broad categories: (1) the use of precautionary behaviors to protect skin from sun exposure; (2) the practice of regular skin screening; (3) any explicit mention of genetic factors related to melanoma risk and prevention; and (4) other factors not related to prevention, screening, or genetics. Two independent raters coded all responses and obtained 86.6 % agreement. Disagreements were resolved in conference.
Finally, repeated-measures analyses of variance (ANOVAs) tested prospective changes in the perceived effectiveness of recommended sun-protection behaviors for reducing one's own melanoma risk and the belief that mutation carriers would inevitably develop melanoma.
Results
Participant characteristics
Participants were on average 45.2 years old (SD = 14.65). All were White, 54.1 % were male, 86.5 % were married, 91.9 % had a high school education or higher, and median total household income assessed in annual increments of $10,000 was $60-$69,000. Nearly all participants (95 %) were members of one of two large kindreds (Kindred A, n = 26; Kindred B, n = 31). Participants with a melanoma history (n = 18) had an average of 2.44 (SD = 2.12) past melanomas. There were no significant differences in age, sex, education, household income, or baseline control beliefs among the three patient groups. Participants who did not complete the 2-year assessment did not differ from others in group membership, age, sex, education, household income, or baseline control beliefs.
Impact of melanoma genetic test reporting on perceived control over melanoma development
We used multilevel modeling to examine the effect of genetic counseling and test reporting on perceived control over prevention in the three participant groups.
1 Values for perceived Level 1:
Level 2:
In the initial model reported below, the level-2 variable melanoma history was coded as 0 for unaffected participants and 1 for affected participants, and the level-2 variable carrier was coded as 0 for p16 mutation carriers and 1 for noncarriers. Time was centered at the 1-month assessment. Thus, unaffected carriers are the reference (all zero) group in this model. In subsequent models, coding of these variables was varied to test whether there was a significant difference from baseline values at each assessment within each group.
Trajectories of change tended to be curvilinear, c 20 = .003, t(57) = 1.84, p = .07. As shown in Fig. 2 , at both post-counseling and 1 month, unaffected carriers' reports of perceived control were significantly elevated above baseline values, but did not differ from baseline values at subsequent assessments. For noncarriers, perceived control estimates remained significantly elevated above baseline throughout the 2-year follow-up. Affected participants' perceived control did not change significantly from baseline at any follow-up assessment. Finally, there was significant variation between participants in both the slope for the quadratic term for time, u 2 = .00004, v 
Net trajectories of change in the three patient groups
We evaluated individual short-term and net trajectories of change in perceived control up to 2 years following test reporting and counseling, using the latest available followup assessment for each of the 60 participants who provided Footnote 1 continued Instead, we accounted for dependencies among members of the same extended family by adding kindred as a level-2 variable in the model testing change in perceived control at 1 month. Of note, the interactions between kindred and participant group were not significant predictors of the intercept, slope for time, or the quadratic effect. Likewise, in a separate model, we found that average changes in perceived control reported by one's siblings did not predict one's own changes and did not interact with participant group. As these analyses did not suggest that outcomes depended on family unit, we did not retain either kindred or sibling group as factors in the model. J Behav Med (2015) 38:754-765 759 at least one post-counseling assessment. As shown in Fig. 3 , increases (45 %) or no change (38.33 %) in perceived control over melanoma prevention were observed in the majority of the sample. Reported decreases in perceived control over melanoma prevention were less frequent (16.67 %), but were concentrated in the two carrier groups (20 % of unaffected carriers, 27.78 % of affected carriers versus 7.4 % of noncarriers, p = .08). These decreases were relatively small-an average of 1.1 points (SD = .3) on a 5-point scale. Additionally, among the eight carriers who reported decreases, all but one indicated that they perceived at least some control over melanoma prevention by responding at or above the midpoint of the scale at all assessments.
Qualitative analysis of participants' accounts of whether and how they can prevent a new melanoma
As shown in Table 1 , 57 out of 59 (96.6 %) respondents completing the post-counseling assessment listed one or more reasons why they could or could not prevent melanoma. Of these, 53 (93 %) indicated that it was possible to prevent melanoma. Some participants (28.1 %) qualified their answers by explaining that they believed it was possible to decrease but not eliminate the likelihood of developing melanoma. For example, one affected carrier wrote, ''Prevent? No. Decrease likelihood? Yes.'' Table 1 lists the four major categories of reasons provided, specific subcategories for each major category, and the number of participants in each group who listed one or more reasons in each category and subcategory. Many respondents (64.8 %) reported that melanoma could be prevented by protecting one's skin from sun exposure. Unaffected participants were significantly more likely to mention preventive measures than affected participants (84.6 vs. 33.3 %, p \ .01). For example, one unaffected carrier noted, ''Yes, for sun exposure is a great risk and that is something I, as a person and in command of my own life, can control''. Nearly half of respondents (45.6 %) listed screening as a method to prevent melanoma, including routine skin self-exams, total body skin exams by medical professionals, and early detection and removal of questionable moles. Screening and early detection were cited by about half of the affected carriers and unaffected noncarriers, but marginally fewer unaffected carriers (23.1 %, p = .079). A few participants in this category specifically stated that melanoma cannot be prevented, but that screening can be used to detect melanoma early. For example, one affected carrier noted, ''No-however you can catch them early and avoid them growing into a major problem''.
A small subset of patients (11 %) listed genetic factors as a determinant of whether melanoma could be prevented. Only three participants (5.3 %) mentioned that the p16 mutation can or will lead to cancer. Two of these three participants mentioned that behaviors could still offset risk. One unaffected carrier observed, ''Sure, the gene does not pre-determine cancer, just that the cells have less changes to make before turning malignant. Reducing exposure still lessens the chance for mutations.'' Conversely, only one participant, an unaffected noncarrier, indicated that he or she did not have the p16 mutation without acknowledging additional risk factors (''I do not have the gene.''). Two unaffected noncarriers specifically mentioned elevated melanoma risk, despite testing negative for p16 (''Yes, because although I tested negative for p16, I still have other risk factors, so I should prevent it by precautionary behavior and early screening.''). Finally, a small percentage (5.3 %), all of whom were mutation carriers, listed additional prevention strategies not included in the genetic counseling protocol, such as improved diet and taking care of oneself. Importantly, these participants also cited reduced sun exposure.
Impact of melanoma genetic testing on beliefs regarding the effectiveness of sun-protection behaviors for reducing melanoma risk
For all three recommended sun-protection behaviors, perceived effectiveness was high at baseline with no differences among participant groups (sunscreen, M = 4.50, SD = .95; protective clothing, M = 4.38, SD = .85, avoiding peak UVR exposure, M = 4.33, SD = .93). For sunscreen and protective clothing, ratings remained high and did not change immediately following test reporting and counseling (sunscreen, n = 56, M = 4.41, SD = .95; protective clothing, n = 58, M = 4.26, SD = 1.04) or 1 year later (sunscreen, n = 25, M = 4.28, SD = .74; protective clothing, n = 29, M = 4.48, SD = .83). For avoiding peak UVR exposure, perceived effectiveness decreased following testing among unaffected carriers (M at baseline = 4.64, SD = .63, M at post-counseling = 3.57, SD = 1.34, p = .001) with no significant changes for the other patient groups, but returned to high baseline levels at 1 year with no differences among participant groups (n = 29, M = 4.41, SD = .87).
Impact of melanoma test reporting on deterministic beliefs about melanoma development
Last, we examined the impact of counseling and test reporting on beliefs about whether mutation carriers will inevitably develop melanoma. A repeated-measures ANOVA indicated that agreement significantly decreased from 2.46 (SD = .79) at baseline to 1.82 (SD = .82) at 1 month following test reporting (main effect of Time, F(2,35) = 11.67, g 2 = .25, p \ .001). As shown in Fig. 4 , this decrease was significant for noncarriers (p = .024) and unaffected carriers (p = .001), and marginally significant for affected carriers (p = .087), with no differences among groups.
Exploratory analyses comparing decliners to other participants
To explore whether participants who reported net decreases in perceived control differed from other participants in other post-counseling control-related beliefs, we conducted a series of independent-samples t-tests. Participants who reported a net decrease in perceived control tended to more strongly endorse the belief that melanoma is inevitable (M decline = 2.40, SD = 1.17; M others = 1.86, SD = .82; t(57) = 1.77, d = .60, p = .08), but did not differ from other participants in beliefs regarding the effectiveness of sun protection (Ms decline = 4.30-4.60, SDs = .70-1.06, Ms others = 4.06-4.35, SDs = 1.03-1.18; ps [ .10). Additionally, those reporting net decreases had higher baseline perceived control beliefs (M decline = 4.20, SD = .63; M others = 3.16, SD = .89; t(58) = 3.52, d = 1.13, p \ .01).
Supplementary analyses examining emotional and behavioral correlates of changes in perceived control following test reporting Last, improvements (or declines) in perceived control may have important relations to emotional and behavioral outcomes of genetic testing. We have previously described both psychological and behavioral outcomes of melanoma genetic testing in this sample, finding low reported distress overall (Aspinwall et al., 2013a) and sustained improvements in sun-protection behavior among unaffected carriers and noncarriers at the 2-year follow-up (Aspinwall et al., 2014b) . To examine the association of changes in perceived control with these outcomes, we conducted exploratory analyses of the relationships between changes in perceived control and changes in sun-protection behavior and psychological distress following test reporting and counseling. First, among the 37 participants who provided complete data concerning their frequency of practice of specific photoprotection behaviors at the 2-year follow-up (see Aspinwall et al., 2014b , for details), we used repeated-measures ANOVA to examine changes in sun-protection behavior from baseline to 2 years among participants who reported increased, decreased, or unchanged estimates of perceived control over the course of the study. In the case of protective clothing use only, this analysis yielded a significant Participant Group 9 Change in Perceived Control 9 Time interaction [F(4,28) = 2.90, p \ .04], such that both unaffected carriers and unaffected noncarriers who reported increases in perceived control reported significant increases in protective clothing use at 2 years. Specifically, unaffected carriers (n = 5) increased from 36 % (SD = 44.64 %) of the time at baseline to 88 % (SD = 6.71 %) at 2 years, p \ .001, and unaffected noncarriers (n = 10) increased from 43 % (SD = 30.39 %) of the time to 66.5 % (SD = 33.92 %), p \ .029. These increases were not observed among participants who reported no net change in perceived control [unaffected carriers, n = 4, 71.25 % (SD = 17.02 %) to 53.75 % (SD = 29.55 %), p \ .288; unaffected noncarriers, n = 5, 58 % (SD = 38.99 %) to 70 % (SD = 33.17), p \ .413]. Among affected carriers, participants who reported decreases in perceived control (n = 4) reported marginally decreased use of photoprotective clothing [from 96.25 % (SD = 7.5 %) to 67.50 % (SD = 23.63 %) of the time, p \ .086]. Consistent with these findings, increases in perceived control from baseline to 2 years tended to be positively correlated with increases in reported use of photoprotective clothing over the same interval in the total sample, r = .34, p \ .06.
We next conducted parallel analyses to examine the relation of reported changes in perceived control to changes in anxiety, depression, and cancer worry. These analyses were conducted among the 60 participants who provided one or more post-counseling ratings of anxiety, depression, and cancer worry (see Aspinwall et al., 2013a , for details). Although perceived control was correlated with psychological distress at several assessments, these analyses yielded no significant relation between changes in perceived control and changes in distress, likely because distress was consistently low (Aspinwall et al., 2013a) .
Discussion
A persistent concern in the translation of genetic and genomic knowledge to patient care is that providing information about the genetic causes of disease, particularly for highly penetrant mutations such as p16 or BRCA1/2, will undermine participants' beliefs that their own actions may effectively mitigate disease risk (Marteau & Weinman, 2006) . Contrary to these concerns, we did not find that receiving a genetic test result generally undermined control perceptions related to melanoma development. Instead, nearly all participants who received melanoma genetic test results and counseling, including those who tested positive, subsequently reported that they could prevent the development of a new melanoma through sun-protection behaviors and/or early detection and removal of suspicious skin changes. Additionally, both groups of unaffected participants reported increased perceived control at the postcounseling and 1-month follow-ups, with sustained gains throughout the 2-year follow-up reported by unaffected noncarriers. Beliefs that recommended sun-protection behaviors would be effective in reducing personal melanoma risk were uniformly high among the three participant groups. Finally, counter to the concern that information about genetic causes of melanoma would induce deterministic beliefs about vulnerability to disease, participants reported significant decreases in the belief that p16 mutation carriers would inevitably develop melanoma.
Both quantitative and qualitative results indicated potentially important differences in perceived control between family members with and without a personal history of melanoma. In contrast to unaffected participants, participants with a prior melanoma diagnosis did not report increases in perceived control over melanoma development at any assessment. Further, the qualitative accounts obtained immediately following test reporting and counseling indicated that compared to unaffected carriers, affected carriers were somewhat more likely to cite screening and significantly less likely to cite reductions in UVR exposure as reasons they believed they could prevent the development of a new melanoma. As patients with a history of melanoma report that they are highly likely to develop a new melanoma (Aspinwall et al., 2014a) , they may be particularly receptive to more detailed counseling regarding early detection strategies. Future research might examine how specific experiences with melanoma development, detection, and treatment influence the impact of melanoma genetic test results on control-related beliefs.
Despite the general finding of sustained increases in perceived control among unaffected noncarriers and shortterm increases among unaffected carriers, our multilevel analyses revealed individual variability in responses to genetic test reporting. These types of individual trajectories are often overlooked when analyzing group means. For instance, although there was no net change in perceived control among affected carriers, 27.8 % of affected carriers reported net increases and 27.8 % reported net decreases. Further, although unaffected carriers did not report a longterm increase in perceived control over melanoma development, examining individual trajectories revealed that 40 % of participants in this group reported a net increase in perceived control and 20 % reported a net decrease. For these reasons, we recommend both formal and descriptive analyses of trajectories of change in response to genetic test reporting, as group averages are likely to obscure this potentially meaningful variation. Overall, a minority of participants receiving positive test results reported a net decrease in control perceptions. To effectively support such participants, it will be important to understand these responses in conjunction with other beliefs about melanoma risk and prevention. For example, decreased control perceptions may not necessarily indicate that a patient holds beliefs that interfere with prevention efforts; instead, decreases may reflect an increased appreciation of the multifactorial nature of melanoma risk following detailed education about genetic, phenotypic, and environmental contributors to risk. Importantly, those who reported decreases in perceived control nevertheless reported beliefs that sun-protection behaviors would be highly effective.
Finally, it is important to note that the provision of negative test results resulted in increased perceived control over the 2-year follow-up period. Importantly, these noncarrier family members overwhelmingly listed reduced UVR exposure and, to a lesser extent, screening as the methods they would use to manage their risk. Thus, we find little evidence that receipt of negative results reduces interest in or reported practice of sun-protection behaviors.
Limitations
This study included a relatively small sample of high-risk participants who had previously received counseling regarding elevated familial risk and the necessity for sunprotection and screening as part of prior research protocols. Nearly all participants were drawn from two extended families. Thus, these findings await confirmation in a larger sample drawn from a greater number of extended families, ideally those with less prior research participation. A larger sample would allow the examination of whether specific beliefs about the mutability of genetic risks may moderate responses to melanoma genetic test reporting, as well as analyses of the reciprocal relations between control perceptions and the practice of sun-protection and screening behaviors. Also, this 2-year prospective longitudinal study had considerable attrition across multiple assessments, beginning with non-invitation to (5 %) or non-enrollment in (10 %) the follow-up study following participation in the test-reporting study. Additionally, of those enrolled in the follow-up study, noncompletion of specific assessments ranged from 17.65 to 41.2 %, with an additional 5.3 % lost to follow-up through mortality, moving out of the country, or religious service. This degree of attrition, while not unusual for studies of this length and complexity (four lengthy mailed follow-up surveys over a 2-year period), decreases our confidence in the findings at later assessments. Importantly, we were able to test curvilinear patterns of change using multilevel modeling (which allows for missing within-subjects data) because 82.5 % of participants eligible for the follow-up study provided at least one perceived control rating in the 2 years following counseling and test reporting. We believe that this method also produces results more representative of the larger initial sample by retaining for analysis those participants who either declined to enroll in the follow-up study or who passively withdrew by not completing questionnaires. Finally, there was no evidence of differential attrition in the three participant groups.
While the quantitative analysis of within-participant trajectories of perceived control indicated considerable variability over time, qualitative accounts of participants' reasoning about whether and how they could prevent a future melanoma were obtained only at a single assessment immediately following counseling and test reporting. It would strengthen further investigations to collect qualitative accounts in parallel with quantitative ones to examine potential changes over time, as participants adjust to the information provided and attempt to implement consistent sun-protection and screening behaviors. This information could also be useful to genetic counselors in understanding the kinds of information about prevention and early detection that could be bolstered in booster sessions for members of high-risk families to support sustained increases in perceived control over melanoma risk.
An additional limitation of this study is that objective measures of sun exposure (e.g., reflectance spectroscopy) were not included. Including such measures would have allowed us to examine more precisely the relationship between changes in perceived control over melanoma development and changes in UVR exposure. Such analyses are a priority for future research, as we obtained exploratory evidence in the present study that increases in perceived control over the development of melanoma among unaffected family members (both carriers and noncarriers) were associated with sustained increases in the reported use of photoprotective clothing 2 years after test reporting and counseling. Conversely, decreases in perceived control were associated with trends toward decreased protective clothing use among affected carriers, although reported frequency remained high. These findings should be considered exploratory because of the small sample sizes created by stratifying by both participant group and net changes in perceived control. Additionally, changes in single sun-protection behaviors should be interpreted with caution, as multiple other strategies (e.g., sunscreen, avoidance of peak UVR exposure) may also be used. Therefore, it will be important in future research to corroborate these findings with objective measures of sun exposure, such as UVR dosimetry and reflectance spectroscopy. It will also be important to model the reciprocal relations between increased control perceptions and improved adherence over time.
Finally, it should be acknowledged that the effects of test reporting cannot be separated from the effects of counseling regarding photoprotection and screening, as counseling was always provided with test results. A formal test of the effectiveness of providing behavioral information (i.e., randomly assigning participants to receive or not to receive behavioral information in combination with a test result) would be unethical. Nevertheless, our finding that genetic test reporting does not generally decrease control beliefs from baseline levels is consistent with findings from scenario studies that included specific behavioral information. In scenario studies that describe both behavior and genetics as impacting disease risk, those who were asked to imagine that they received a positive test result remained confident in the effectiveness of risk-reducing behaviors (Cameron et al., 2012; Ugalde et al., 2008) .
Conclusion and future directions
Providing melanoma genetic test results does not generally undermine perceived control over melanoma prevention. Further, participation in genetic counseling and test reporting appeared to reduce perceptions that disease is inevitable, even among people at highly elevated risk. Importantly, responses to test reporting were variable, with a subset of participants reporting declines in perceived control following positive test results. Future research should elucidate the reasons for this variability, and the ways in which increased or decreased control perceptions may either promote or impede prevention and screening behavior. Researchers should also develop ways to communicate test results and behavioral recommendations to family members who may be at risk for decreased control perceptions.
